Background: The role of pretreatment Epstein-Barr virus DNA (pre-DNA) for individualized induction chemotherapy (IC) in locoregionally advanced nasopharyngeal carcinoma (LA-NPC) still remains unknown. We aimed to address this clinical issue.
prognosis of LA-NPC after radical radiotherapy still remains poor [5] and distant metastasis is the main failure pattern [6] . To further decrease risks of distant metastasis and improve clinical outcomes, induction chemotherapy (IC) additional to CCRT has been proven a feasible and effective strategy [7] [8] [9] . Notably, there is increasing data showing that IC additional to CCRT could not bring therapeutic gain to patients with T3-4 N0-1 disease [10, 11] , indicating that some patients with low risk did not need IC. However, current risk stratification and treatment delivery mainly refer to TNM staging system which may be insufficient to identify the low-risk patients [12] . Therefore, it is urgently needed to identify powerful factors to help risk stratification and treatment strategy selection.
Plasma Epstein-Barr virus (EBV) DNA has been proven an important factor in risk stratification and prognosis prediction in NPC [13] [14] [15] . Moreover, plasma EBV DNA could also play an important role in decision making. For example, post-treatment EBV DNA could act as an indicator for individualized adjuvant chemotherapy [16] . Recently, Guo et al. [17] and Peng et al. [18] found that pre-treatment Epstein-Barr virus (pre--DNA) could guide the selection of IC in LA-NPC. However, the sample size in these two studies was small. Moreover, the treatment modality was also not uniform since many patients did not received concurrent chemotherapy, which would subject the study to treatment-related bias. Therefore, it is necessary to further address this question and provide robust evidence.
Based on this premise, we conducted this retrospective study using a big-data, intelligence database platform to identify and evaluate the value of pre-DNA for risk stratification and treatment selection in LA-NPC.
Methods

Patient selection
In this study, we reviewed and identified patients with newly diagnosed stage I-IVA NPC who were treated between November 2009 and February 2015 using the big-data, intelligence platform at Sun Yat-sen University Cancer Center [19] . Patients meeting the following criteria were included for this study: (1) newly diagnosed stage III-IVA NPC; (2) data on pre-DNA was available; (3) receiving intensity-modulated radiotherapy (IMRT); (4) age 18 years or older; (5) receiving CCRT with or without IC; (6) the cycles of IC should be ≥2. Finally, 6218 patients were recruited for the current study. This study was approved by the Research Ethics Committee of our center. Informed consent was obtained from all the patients. Study data was deposited at the Research Data Deposit platform (http://www.researchdata.org.cn/, RDDA2018000545).
Clinical staging
Before treatment, patients received physical examination first. Then imaging methods were performed including magnetic resonance imaging (MRI) of the neck and nasopharynx, whole-body bone scan, abdominal sonography or computed tomograph, chest radiography or tomograph. Positron emission tomography (PET)-CT would also be recommended if clinically indicated. Imaging data were reviewed by two radiologists (L-ZL and LT) independently to stage all patients based on the 8th edition of the International Union against Cancer/ American Joint Committee on Cancer (UICC/AJCC) staging system manual.
Real-time quantitative EBV DNA PCR
Pre-DNA concentration was detected using real-time quantitative polymerase chain reaction (RT-PCR) which was described previously [20] . The RT-PCR system was developed and targeted the BamHI-W region of the EBV genome using primers 5'-GCCAGAGGTAAGTGGAC TTT-3′ and 5'-TACCACCTCCTCTTCTTGCT-3′. The dual fluorescence-labeled oligomer 5′-(FAM) CACA CCCAGGCACACACTACACAT (TAMRA)-3′ served as a probe. Sequence data for the EBV genome were obtained from the GeneBank sequence database.
Clinical treatment
All patients underwent radical IMRT. The prescribed radiation doses were 66 Gy or greater to the primary tumor and 60-70 Gy to the involved neck area. All potential sites of local infiltration and bilateral cervical lymphatics were irradiated to 50 Gy or greater. All patients were treated with 30-35 fractions with five daily fractions per week for 6-7 weeks.
Since our study is retrospective and patients were treated before 2016 when the role of IC has not been well established. Therefore, the selection of IC and corresponding regimens mainly depended on clinicians' experience and decisions because there was no consensus in our center. IC regimens consist of platinum-based agents including 5-fluorouracil with cisplatin (PF), docetaxel with cisplatin (TP) and triple of docetaxel with 5-fluorouracil and cisplatin (TPF). Concurrent chemotherapy consisted of weekly (30-40 mg/m 2 d1) or tri-weekly (80-100 mg/m 2 d1) cisplatin.
Follow-up strategy
Patients were followed by imaging methods every 3 months during first 2 years, 6 months during 3-5th year and annually thereafter. Follow-up duration was measured from first day of pathological diagnosis to last visit or death. The first endpoint is disease-free survival (DFS, defined as the time to first event or death from any cause). Other endpoints include overall survival (OS, time to death from any cause), distant metastasis-free survival (DMFS, time to first distant failure) and locoregional relapse-free survival (LRRFS, time to first local or regional recurrence or both).
Statistical method
Propensity score matching (PSM) using logistic regression were adopted to balance factors and match patients. 
Results
Baseline characteristics
In total, 6218 patients with LA-NPC were included in this study and baseline characteristics were summarized in Additional file 1: Table S1 . The whole cohort carried a male-to-female ratio of 2.86, and the median age was 45 (range, 18-79) yeas-old. The median follow-up duration was 43.0 (range, 0.3-103.6) months. Overall, 3510 (56.4%) patients received IC + CCRT and 2708 (43.6%) received CCRT alone. Specifically, 1460 (41.6%), 977 (27.8%) and 1073 (30.6%) patients received induction TPF, PF and TP regimens, respectively. Obviously, the IC + CCRT group had a higher percentage of T4, N3 and stage IV disease (P < 0.001). Besides, host and tumor-related factors were also not balanced between these two groups (P < 0.05).
Survival analysis within whole cohort
First, we compared the survival outcomes of IC + CCRT with that of CCRT among the original cohort. In total, 2241 pairs were selected by PSM from the 6218 patients (Table 1) , and factors were well balanced between the two groups. with that of univariate analysis and treatment arm (IC + CCRT vs. CCRT) was not an independent prognostic factor for DFS, OS, DMFS and LRRFS (Table 2) . Cut-off value of pre-DNA
The median pre-DNA concentration for the 6218 patients was 3740 (range, 0-68,700,000) copies/ml. Based on ROC analysis, the cut-off value of pre-DNA is 4650 copies/ml (sensitivity = 0.6224, specificity = 0.5673, area under curve [AUC] = 0.620) for DFS ( Fig. 2) , 4315 (sensitivity: 0.667; specificity: 0.545; AUC = 0.634) for OS, 4315 (sensitivity: 0.674; specificity: 0.547; AUC = 0.649) for DMFS and 2055 (sensitivity: 0.680; specificity: 0.446; AUC = 0.568). Then, 4650 copies/ml was used as the threshold. We further evaluated whether this cut-off value could subdivide patients into different risk groups. Undoubtedly, patients with pre-DNA > 4650 copies/ml achieved significantly poorer survival compared with those with pre-DNA ≤ 4650 copies/ml in both stage III (Additional file 2: Figure S1 ) and stage IV (Additional file 3: Figure S2 ) subgroups. Therefore, this cut-off value is valid, and patients with pre-DNA ≤ 4650 copies/ml were classified as low-DNA group and those with pre-DNA > 4650 copies/ml as high-DNA group.
Survival outcomes within low-DNA group
We further evaluated the survival difference between the IC + CCRT and CCRT groups among patients with low-DNA. In total, 3292 patients had a pre-DNA ≤ 4650 copies/ml (Additional file 4: Table S2 ). After matching, 1191 pairs were selected and baseline information was presented in Additional file 5: Fig. 3 ), respectively. Multivariate analysis also found that there was no significantly survival difference between IC + CCRT and CCRT groups (P > 0.05 for all rates, Additional file 6: Table S4 ). Therefore, IC + CCRT and CCRT achieved similar outcomes in low-DNA group.
Survival outcomes within high-DNA group
Among the 2926 patients with pre-DNA > 4650 copies/ ml (Additional file 7: Table S5 ), 945 pairs were selected by PSM and baseline characteristics were presented in Additional file 8: Fig. 4 ), respectively. When entered into multivariate analysis, treatment (IC + CCRT vs. CCRT) was identified as an independent prognostic factor for DFS (HR, 0.817; 95% CI, 0.683-0.977; P = 0.027), OS (HR, 0.675; 95% CI, 0.537-0.848; P = 0.001) and DMFS (HR, 0.782; 95% CI, 0.626-0.976; P = 0.03; Table 3 ). Thus, IC + CCRT was superior to CCRT among patients with high-DNA. 
Discussion
Our current study presented that patients with LA-NPC and low pre-DNA (≤ 4650 copies/ml) could not benefit from additional IC to CCRT while patients with high pre-DNA (> 4650 copies/ml) could, indicating that pre-DNA could act as an effective and powerful indicator for the delivery of IC in LA-NPC. Notably, to avoid extended follow-up and identify a cut-off value for earlier individualized treatment, we therefore calculated the cut-off value of pre-DNA based on DFS because it was a feasible surrogate endpoint for OS [21, 22] . To the best of our knowledge, this is the largest cohort study in evaluating the role of pre-DNA for treatment strategies selection.
In the era of IMRT, distant metastasis has emerged as the predominant treatment failure pattern, especially for advanced disease [23, 24] . Additional cycles of chemotherapy to CCRT are needed to reduce distant metastasis and further improve survival. Adjuvant chemotherapy (AC) was firstly considered as it was proven effective by Intergroup 0099 study [3] . However, subsequent studies found that AC additional to CCRT may be useless [25, 26] . Furthermore, the severe toxicities of AC constrain its wide usage. Given these concerns, other chemotherapy strategies with better efficacy and compliance should be identified. IC, delivered before radiotherapy, has caught a lot of attention for its better compliance and early eradication of subclinical micro-metastasis. However, results from previous clinical trials comparing IC + CCRT with CCRT were controversial as the three achieved positive outcomes [8, 27, 28] while the study by Tan et al. [29] achieved negative results, indicating that not all the patients with LA-NPC could benefit from IC. Moreover, retrospective evidence showed that IC could not produce therapeutic gain for patients with T3-4 N0-1 [10, 11] , further revealing that great heterogeneity exists in patients with LA-NPC. Therefore, effective factors should be identified to subdivide patients with different risk groups and then deliver IC. Our study proved pre-DNA could act as that factor. It is well known that NPC is an EBV-driven malignancy [30, 31] . Our study selected pre-DNA as the only indicator for IC because the prognostic role of EBV DNA in NPC has been proven by numerous studies [13, [32] [33] [34] . Possibly, EBV DNA has been the strongest and most widely used factor in NPC so far. Although many other prognostic factors like LDH [35, 36] and tumor volume [37] have also been proven effective, they were not been widely proven and evidence supporting them were not too much. We therefore only selected pre-DNA as the indicator. Notably, the cut-off value of pre-DNA in our study was different from that used in other studies [17, 38] because we calculate it based on our data. The cut-off value of 4000 copies/ml used in the two studies [17, 38] came from other literatures and was not calculated based on their own data. Thus, our results may be more credible and reflect intrinsic relationship of pre-DNA and IC. However, it should be pointed out that common calibrators and PCR master mix should be warranted to reduce variability in plasma EBV DNA numbers [39] before our cut-off value could be applied widely and uniformly.
Among the original cohort without stratification by pre-DNA, no significant survival difference between IC + CCRT and CCRT groups was observed. One possible explanation may be that some patients with low-risk could not benefit from IC and they counteract the benefit for high-risk patients, resulting in non-significant difference. When stratified analysis according to pre-DNA was performed, a different scenario happened. Among patients with low-DNA, IC + CCRT and CCRT achieved comparable survival outcomes; while for those with high-DNA, IC + CCRT group achieved significantly better DFS, OS and DMFS than CCRT group. These results were consistent with previous studies [17, 18, 38] . Undoubtedly, patients with high-DNA had higher tumor burden and risk of distant metastasis, therefore could benefit from IC. Our findings together with previous studies [17, 18, 38] further supported that pre-DNA could act as a strong and reliable indicator for IC.
Compared with previous studies [17, 18, 38] , our study mainly had two advantages. First, all the patients received standard treatment (i.e., CCRT-based regimen was delivered to all patients), thus reducing treatment-related bias. Second, the sample size is large, therefore achieving more powerfully statistical results. By applying PSM and multivariate analysis, we addressed the potential limitations of divergent Fig. 4 Kaplan-Meier disease-free survival, overall survival, distant metastasis-free survival and locoregional relapse-free survival curves for the selected 945 pairs with pre-DNA > 4650 copies/ml receiving concurrent chemoradiotherapy with or without induction chemotherapy. Pre-DNA, pre-treatment Epstein-Barr virus DNA confounders, treatment heterogeneity and selection bias associated with retrospective analysis of observational data [40] . The limitations in this study should also be acknowledged. First, our study is retrospective, meaning potential bias may exist. Moreover, the follow-up duration may not be long enough which would produce few events and prevent data from reach statistically significant. Therefore, a longer follow-up length is necessary to further evaluate the role of pre-DNA for IC. Finally, completion of concurrent chemotherapy between IC + CCRT and CCRT groups was not addressed in our study. As shown by previous study, IC could affect the completion of tri-weekly cisplatin regimen (100 mg/m 2 ) [28] . However, the concurrent regimen used in our study was different from that. Therefore, this issue should be addressed in future study.
Conclusion
In summary, our study revealed that patients with high pre-DNA could benefit from additional IC to CCRT while those with low pre-DNA could not in LA-NPC in the era of IMRT, indicating pre-DNA may be a feasible and powerful consideration for individualized IC apart from other baseline clinical characteristics. Future randomized clinical trials are warranted to validate our findings.
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